Anthropogenic changes in a landscape create new cues for birds, which must permanently adapt to these. If landscape changes occur too quickly, individuals have insufficient time to develop adequate reactions. They may, therefore, preferentially nest in low-quality habitats, which can lead to diminished nesting success and to reduction of their population size. This is usually termed the ecological trap hypothesis. We reviewed 38 studies investigating this phenomenon and analysed whether relationships exist between ecological trap occurrence and geographical region, habitat type, and/or life strategies of bird species. Ecological traps were most often associated with the presence of exotic species. Exotic species can modify environmental conditions in ways to which native communities are not adapted. They have been mainly detected in open habitats. Such open habitats as arable fields and meadows are under greater human pressure, and rapid changes probably occur there more frequently. Although more studies from North America were investigated, the hypothesis was supported more frequently in European studies. This is possibly due to higher human population density and, hence, more frequent habitat changes. Our results show that an ecological trap is not likely associated with migration. Ground nests suffered fewer consequences of such traps than did other nest types. Although the implications of the ecological trap hypothesis in species conservation are undisputable, a more detailed approach is still needed. For instance, some habitat types, such as suburban areas, have been neglected in the context of ecological traps, as has been the phenomenon's appearance in pristine habitats.
INTRODUCTION
Correct selection of a nesting site is one of the most essential factors attributed to nesting success in birds (e.g. Bayne and Hobson 2001; Shochat et al. 2005) . Birds choose their nesting sites based on environmental characteristics such as species composition or density of vegetation, because, in a natural environment, these indicate sufficient availability of food and shelters, which, in turn, have positive effects on the reproductive success of individuals (Schlaepfer et al. 2002; Aldridge and Boyce 2007; Powell et al. 2010) . In a rapidly changing environment, however, these characteristics do not necessarily possess the same indicative value (Gates and Gysel 1978; Vergara and Simonetti 2003; Shochat et al. 2005 ), because they may be associated with factors, such as high rate of nest predation, parasitization and disturbance (Marzluff and Ewing 2004; Mannan et al. 2008) , that can outweigh the effects of positively acting factors. If individuals of higher fitness preferentially nest in biotopes where they nevertheless achieve lower nesting success, then this habitat is said to be an ecological trap (Dwernychuk and Boag 1972; Gates and Gysel 1978; Robertson and Hutto 2006; Pelicice and Agostinho 2008) . This phenomenon can cause decrease in bird abundance (Kokko and Sutherland 2001; Ries and Fagan 2003; Gilroy and Sutherland 2007; Lindell 2008; Pärt et al. 2007; Kriska et al. 2008 ) and, in extreme cases, can lead to local extinction of entire populations (Reed 1999; Schlaepfer et al. 2002; Ries and Fagan 2003) .
An ecological trap is usually linked to a human-altered habitat, and mostly due to habitat fragmentation or the presence of exotic species (Battin 2004) . If a new species of animal or plant is introduced into a particular environment, it can either directly (through predation, competition, parasitization or genetic hybridisation) or indirectly (e.g. by affecting vegetation structure, which can lead to higher nest predation) negatively influence the reproductive success of native species (Mack et al. 2000; Schlaepfer et al. 2005; Campomizzi et al. 2009 ). In many places, birds must cope with excessive habitat fragmentation (Fernández -Juricic and Jokimäki 2001) , which causes a loss of suitable nesting biotopes and increases the proportion of marginal biotopes relative to inner ones (Andrén and Angelstam 1988; Bosschieter and Goedhart 2005; Fahrig 2003; Manu et al. 2007) . Some biotope interfaces, however, can be attractive to nesting birds for such reasons as vegetation heterogeneity (Hansson 1994; Fernandez -Juricic et al. 2001; Brotons and Herrando 2003; Batáry et al. 2004; Berg 2008) or easy access to complementary resources from neighbouring biotopes (Ries and Sisk 2004) . Due to a higher concentration of resources, however, there is also an elevated density of especially omnivorous (nonspecialized) species of predators such as Red Fox (Vulpes vulpes), martens (Martes sp.) or corvids (Corvidae) (Andrén 1992; Paton 1994; Chace and Walsh 2004; Marzluff and Neatherlin 2006) , which profit from the presence of humans and can lower the reproductive success of birds through increased predation of their nests (i.e. due to so-called edge effect on nest predation). When birds nest in edge habitats in higher densities than in interior biotopes, and simultaneously achieve lower reproductive success there because of higher nest predation, they may have been lured into an ecological trap (Weldon and Haddad 2005) .
Birds choose their nesting sites based not only on their evolutionary history but also on their acquired experiences (Kokko and Sutherland 2001; Miner et al. 2005; Parejo et al. 2006, Keeler and Chew 2008) . Nevertheless, to gain experience takes time. Therefore, individuals that do not remain at their nesting sites all year round (i.e. migrants) can be more vulnerable to negative effects of ecological traps than are sedentary birds, because they have shorter time to evaluate the actual conditions of their nesting sites after their arrival (Kokko and Sutherland 2001; Kristan 2003; Battin 2004; Winter et al. 2006 ). To our knowledge, however, this issue has never been evaluated in studies investigating bird ecology.
The aim of this article is to review the literature studying the ecological trap phenomenon in birds. We analyse whether existence of ecological traps is associated with particular habitat types, geographic areas, and/or life strategies of bird species such as migration and nesting place. We also discuss if ecological traps appear in habitats not altered by humans, and the utility of this concept for species protection.
MATERIAL AND METHODS
Articles investigating the ecological trap phenomenon in birds were mainly searched according to the key words "ecological trap" and "birds" using the databases of Web of Science, Wiley, EBSCO and Springer Link, as well as according to the references of papers identified in this way. Those studies examining ecological trap using artificial nests were not included into our analysis, because this methodological approach does not sufficiently enable testing of nesting birds' habitat preferences (Söderström et al. 1998, Yahner and Piergallini 1998) .
To analyse whether the existence of an ecological trap is linked to specific geographical regions and/or habitat types, we distinguish between six geographical regions (Europe inclusive of Fuerteventura, North America, South America, Asia, Africa, Australia & New Zealand) and five habitat types (forest, open habitats, suburban habitats, coastal zones and small islands, and unclassified mosaic of different habitats). Open habitats contained such habitat types as arable fields, meadows or wetlands. In addition, habitat types such as cities with suburban zones and farmland were considered as man-affected habitats, whereas those like forests, meadows, wetlands or deserts were classified as natural habitats. From the viewpoint of life strategies, we distinguished between migratory and sedentary species. Moreover, birds were divided into four groups according to their nesting sites (ground, shrub, tree, cavity in the ground or tree; del Hoyo et al. 1992 Hoyo et al. -2011 .
RESULTS
We identified 47 articles examining the ecological trap hypothesis in birds. However, nine studies (19.2%) only discussed possible effects of ecological traps on bird nesting success and did not test it. Therefore, only 38 papers were included into the ensuing analyses. We found that existence of an ecological trap has, and has not been supported in 14 (29.8%) and 24 (51.1%) studies, respectively (Table 1 ). In addition, most studies examining the ecological trap hypothesis had tested the effect of habitat fragmentation and management (39.5%, n = 15) or the effect of direct human influence (29.0%, n = 11). The existence of an ecological trap has mainly been supported in studies examining the presence of exotic species (80.0%, n = 4; Table 1 ).
Most studies examining the ecological trap phenomenon have been conducted in North America (60.5%, n = 23), followed by Europe (34.2%, n = 13). Whereas 57.1% (n = 8) of European studies supported the hypothesis, among the North American studies this figure was only 42.9% (n = 6; Table 1) . Only a few studies have been implemented in other regions (South America, n = 1; Australia & New Zealand, n = 1) and none of these have supported the ecological trap phenomenon. Moreover, to our knowledge, no such study has been conducted either in Africa or the Asian region.
Regarding habitat type, the ecological trap hypotheses has been most studied in open habitats (i.e. arable fields, meadows and wetlands; n = 16) and forest habitats (n = 15). Only 3 studies came from urban habitats and 2 investigations concerned coastal zones and small islands (5.3%, Table 1 ). We revealed that ecological traps appeared more frequently in open habitats (60.0%) than in forest habitats (50.0%). There was no difference in detection of ecological traps between anthropogenic and natural biotopes, however, because the hypothesis was supported in 4 (36.4%) of 11 studies in anthropogenic habitat types and in 9 (39.13%) of 23 studies in natural habitat types.
We found that the ecological trap phenomenon has been tested more frequently in migratory species (n = 24) than in sedentary species (n = 9). In addition, it has been supported in the same proportion in relation to migratory (41.7%) and sedentary species (44.4%). In two studies it was not possible to distinguish its effect on sedentary versus migratory species, because these had investigated migratory and sedentary species simultaneously. From the viewpoint of nest position, we found that ground nesting species suffered less from ecological traps (2 cases out of 12, or 17%) than did birds using another nesting strategy (Table 1) .
DISCUSSION
To our knowledge, the overall number of studies on the topic of ecological traps is not large (see also Pärt et al. 2007 ), even though their significance for species protection is unquestionable. This is probably because ecological traps are very problematic to test (Robertson and Hutto 2006) . Not only must nesting preferences and the fitness of populations (i.e. nest density, fitness and reproductive success of individuals) be investigated, but also the habitat quality (i.e. food resources, rate of nest predation and parasitization). Hence, there is also insufficiency of sample size in many studies (e.g. Remeš 2003 , Machicote et al. 2004 .
Although the papers we reviewed are also significantly biased toward North American studies, we found that the hypothesis of ecological traps was more frequently supported in Europe than in North America. This difference can be due to the higher human population density on the European continent (http://www.worldatlas.com) and, hence, possibly to more frequent habitat changes. However, this aspect merits further investigation.
We also show that ecological traps frequently occurred in relation to exotic species, because exotic predator and plant species may negatively affect the reproduction outputs of birds. For example, the preferred nesting habitat of Cory's Shearwater (Calonectris diomedea) is usually in cliff burrows at the Mediterranean Sea. In the Chafarinas Islands, however, rats (Rattus rattus) have been introduced by humans and their growing population has begun to depredate Cory's Shearwaters, and particularly their nestlings. The birds, however, did not interpret the presence of rats as an environmental cue by which to recognise an unsuitable environment, and they nested there in higher densities than at localities without rats (Igual et al. 2007) .
Exotic plant species can also influence the reproductive success of birds (Misenhelter and Rotenbery 2000; Borgmann and Rodewald 2004; Nordby et al. 2008) , because their presence causes changes in the structure of the vegetation which can negatively affect the abundance and diversity of food resources (Tallamy 2004) , degree of cover, or nest availability (Schmidt and Whelan 1999) . For instance, the Old World migratory species Blackcap (Sylvia atricapilla) had higher reproductive success in primary gallery forests in Moravia, even though its nesting density is twice as high in secondary forests of Black Locust (Robinia pseudacacia; Remeš 2003) . Birds preferred Black Locust growths probably because this tree produces its foliage earlier in spring than do native woody species, and therefore it offers early cover and potential nesting places (so-called attractive sink biotopes; see Delibes et al. 2001 a, b; Aldridge and Boyce 2007) .
The selection of a nesting place itself occurs on the basis of direct (amount of food resources, shelters, nesting opportunities, etc.) and/or indirect cues (e.g. the number of individuals of the same species or absence of a predator; Andrén 1990; Kokko and Sutherland 2001; Schlaepfer et al. 2002; Schlaepfer 2003; Roos and Pärt 2004; Eggers et al. 2005 ). The more complete information an individual has about a given biotope, the better is its judgement (Battin 2004; Kokko and Sutherland 2001) . Simply speaking, good judgement of habitat quality requires sufficiency of time (Sol and Lefebvre 2000; Donovan and Thompson 2001; Robertson and Hutto 2007) . Nevertheless, some migratory species can compensate their shortened time for habitat evaluation by copying the nesting strategies of sedentary species (heterospecific habitat copying hypothesis; see Parejo et al. 2006) . Therefore, the risk of nesting failure associated with ecological traps did not differ between migratory and sedentary species in our data set.
We also found that the lowest occurrence of ecological traps was among ground nesting species. This can probably be affected by the fact that 8 of 12 papers studying ground nesters were from North America, where the appearance of the ecological trap phenomenon was also low.
Our findings show that ecological traps are more associated with open habitats. Most of the open habitats, such as fields, wastelands and meadows, are under greater pressure from human influence, in which cases ecological traps can appear more frequently. Nevertheless, since rapid habitat changes and exotic species usually occur in human settlements, we expected that the ecological trap hypothesis would be more supported in urban habitats. Although there exists a significant number of studies investigating nest success in urban zones (Vierling 2000; Blair 2004; Charter et al. 2007) , surprisingly, only one study dealt with the ecological trap phenomenon in an urban environment (Ellison and Brush 2004) . Also lacking are studies comparing the rate of nest predation between urban and undisturbed environments, which could thereby elucidate the mechanisms of ecological traps associated with human presence.
Nevertheless, it does seem that natural habitats also may play a significant role in creating ecological traps (Dwernychuk and Boag 1972; Kristan 2003) , although works studying these in other than human-influenced environments are almost non-existent. It can be presumed that they can occur in environments stricken by larger natural changes of abiotic (windstorms, flooding, wildfires, volcanic activity) or biotic origin (e.g. Battin [2004] describes changes following invasion of a particular animal species). It is possible that birds which live in rapidly changing environments are adapted to ongoing changes, and that the ecological trap cannot damage them. If a rapid change occurs in a pristine habitat, on the other hand, this can cause more severe consequences, due to low adaptability of the birds to such situations.
It is also possible that ecological traps exist in the landscape on a scale of much finer changes (e.g. a gradual change in the structure of a biotope due to changes in geology, or change in water regime caused by a beaver dam) than are those brought about by natural disasters (Ganter and Cooke 1998) . In such cases, however, it would be very difficult to detect these and their evidence is very poor. The one example of an ecological trap within a natural environment that we found, is seen in a study of Argentinian Burrowing Owls (Athene cunicularia), which prefer to nest in burrows with short vegetation cover (Machicote et al. 2004) . In this study, the fates of 26 nests were determined. When nesting in burrows of the Plains Viscacha (Lagostomus maximus), the birds had a nesting success rate of 35%, but not a single nest survived in burrows of Big Hairy Armadillos (Chaetophractus villosus). Viscachas, unlike armadillos, regularly graze the surroundings of their burrows, so the soil there is usually without vegetation. However, a study from other localities showed that Burrowing Owls in burrows of armadillos can achieve higher nesting success rates if the soil around their burrows is bare (Harris 1998) . Although the authors of that study had not tested habitat preferences and their sample size was low (n = 23), they suggested that burrows of armadillos could, in the case of Burrowing Owls, constitute a local ecological trap (Machicote et al. 2004 ).
In conclusion, our results indicate that the phenomenon of ecological traps occurs more frequently in Europe and can be driven by direct human influence and presence of exotic species. However, their appearance in pristine habitats should not be ignored. Migratory bird species are not under greater threat due to ecological traps than are sedentary species, which can be affected by their ability to copy the nesting strategies of sedentary species. Although our results have some limitation, mainly because of low sample size, our findings may have practical application in restoration plans for particular bird species groups and geographical regions. i.e. non-human induced phenomenon such as inter-and intraspecific competition, natural habitat changes.
2)
i.e. human activities which directly affect bird populations, e.g. hanging nest boxes, direct disturbance of nesting birds by building constructions, bird hunting, and egg collection. On the other hand, human activities can also affect bird populations indirectly, i.e. by habitat fragmentation, habitat management, and introduction of exotic species. 
